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Abstract: Sequencing of pooled samples (Pool-Seq) using next-generation sequencing technologies has
become increasingly popular, because it represents a rapid and cost-effective method to determine allele
frequencies for single nucleotide polymorphisms (SNPs) in population pools. Validation of allele frequen-
cies determined by Pool-Seq has been attempted using an individual genotyping approach, but these
studies tend to use samples from existing model organism databases or DNA stores, and do not validate
a realistic setup for sampling natural populations. Here we used pyrosequencing to validate allele frequen-
cies determined by Pool-Seq in three natural populations of Arabidopsis halleri (Brassicaceae). The allele
frequency estimates of the pooled population samples (consisting of 20 individual plant DNA samples)
were determined after mapping Illumina reads to (i) the publicly available, high-quality reference genome
of a closely related species (Arabidopsis thaliana) and (ii) our own de novo draft genome assembly of A.
halleri. We then pyrosequenced nine selected SNPs using the same individuals from each population, re-
sulting in a total of 540 samples. Our results show a highly significant and accurate relationship between
pooled and individually determined allele frequencies, irrespective of the reference genome used. Allele
frequencies differed on average by less than 4%. There was no tendency that either the Pool-Seq or the
individual-based approach resulted in higher or lower estimates of allele frequencies. Moreover, the rather
high coverage in the mapping to the two reference genomes, ranging from 55 to 284x, had no significant
effect on the accuracy of the Pool-Seq. A resampling analysis showed that only very low coverage values
(below 10-20x) would substantially reduce the precision of the method. We therefore conclude that a
pooled re-sequencing approach is well suited for analyses of genetic variation in natural populations.
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7$,5 >@ XVLQJ
%:$ DOQ DQG VDPSH >@ DOORZLQJ IRU  PLVPDWFK DQG
H[FOXGLQJRUJDQHOODU'1$2QO\XQDPELJXRXVO\PDSSHGUHDGV
ZHUH NHSW :H WKHQ SURGXFHG D PXOWLSOH SLOHXS ILOH ZLWK
6$0WRROVYPSLOHXS>@V\QFKURQL]LQJDQGILOWHULQJIRU
EDVH TXDOLW\ 4 ZLWK WKH SHUO VFULSW PSLOHXSV\QFSO RI
3R3RRODWLRQ>@LQRUGHUWRFDOOWKH613V7KHPLQLPXPPLQRU
DOOHOH FRXQWZDV VHW WR IRXU WR DFFRXQW IRU VHTXHQFLQJHUURUV
$GGLWLRQDOO\ D PLQLPXP FRYHUDJH RI  DQG D PD[LPXP
FRYHUDJH RI  SHU SRSXODWLRQ ZHUH XVHG DV WKUHVKROGV IRU
613LGHQWLILFDWLRQ7KLVZDVGRQHWRDFFXUDWHO\HVWLPDWHDOOHOH
IUHTXHQFLHVDQGFRUUHFWIRUSRWHQWLDOHUURUVFDXVHGE\UHSHDWHG
3RRO6HT9DOLGDWLRQLQ1DWXUDO3ODQW3RSXODWLRQV
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
VHTXHQFHV 613 DOOHOH IUHTXHQFLHV DORQJ WKH DVVHPEO\ ZHUH
GHWHUPLQHGZLWKVQSIUHTXHQF\GLIISOLQ3R3RRODWLRQ
$OOHOHIUHTXHQFLHVIURP3RRO6HTUHDGVPDSSHGWRWKH
$KDOOHULGHQRYRGUDIWDVVHPEO\
:HDVVHPEOHGRXURZQGUDIWJHQRPHRI$KDOOHUL IURP WKH
SDLUHGHQG UHDGV RI RQH SRSXODWLRQ SRRO %UXVLR XVLQJ WKH
VRIWZDUH9HOYHW >@:H WHVWHGYDULRXV NPHUV WR LGHQWLI\ WKH
EHVWSDUDPHWHUVIRUWKH$KDOOHULJHQRPHDVVHPEO\ZKLFKZDV
WKHQ XVHG DV D QHZ UHIHUHQFH WR UHPDS WKH UHDGV IURP WKH
WKUHH VWXG\ SRSXODWLRQV DV GHVFULEHG DERYH ZLWK RQH
H[FHSWLRQQDPHO\WKDWWKHPLVPDWFKSDUDPHWHUZDVORZHUHGWR
 613V ZHUH FDOOHG DV GHVFULEHG DERYH 7KH JHQH
VHTXHQFHVRIWKHVL[JHQHVRILQWHUHVW7DEOHVHHEHORZIRU
PRUHLQIRUPDWLRQZHUHGRZQORDGHGIURPWKH7$,5GDWDEDVH
>@:HWKHQLGHQWLILHGWKHFRQWLJVFRQWDLQLQJWKHVHJHQHVE\D
ORFDO QXFOHRWLGH DQG SURWHLQ %/$67 YHUVLRQ  VHDUFK
7KH DFWXDO 613V RI LQWHUHVW ZHUH ORFDWHG E\ D SDLUZLVH
7DEOH2YHUYLHZRI3RRO6HTYDOLGDWLRQVWXGLHV
6WXG\ <HDU 6WXG\VSHFLHV
3RRO6HT
WHFKQRORJ\ 9DOLGDWLRQE\ 1XPEHURIORFL 3RROVL]H 5HVXOWD 5HPDUNV
9DQ7DVVHOOHWDO
>@
 %RVWDXUXV ,OOXPLQD&60$
,OOXPLQD,QILQLXP
$UUD\

613V  U 
5HGXFHG
UHSUHVHQWDWLRQ
OLEUDULHV
+ROWHWDO>@  6DOPRQHOOD ,OOXPLQD*$, ,OOXPLQD*$, 613V  5  
'UXOH\HWDO>@  +RPRVDSLHQV ,OOXPLQD*$,
7DT0DQGDWDEDVH
VDPSOHVZLWK
SUHYLRXVO\NQRZQ
SRO\PRUSKLVPV
GHWHUPLQHGE\
6DQJHU
613VLQJHQHV ¶ 5 
3UHDPSOLILFDWLRQRI
ORFL
,QJPDQDQG
*\OOHQVWHQ>@
 +RPRVDSLHQV
5RFKH*6
)/;
'DWDEDVH 613VLQJHQH  5 E
3UHDPSOLILFDWLRQRI
JHQHWHVWHGSRROHG
'1$DQG3&5
SURGXFWV
2XWHWDO>@  +RPRVDSLHQV ,OOXPLQD*$, 6DQJHU 613VLQJHQH  U F
7HVWHGSRROHG'1$
DQG3&5SURGXFWV
     613VLQJHQHE E U E 
%DQVDOHWDO>@  +RPRVDSLHQV ,OOXPLQD*$,,[
+DS0DSGDWDEDVH
VDPSOHVZLWK
SUHYLRXVO\NQRZQ
SRO\PRUSKLVPV
!¶613V  5!
,QVROXWLRQ
K\EULGL]DWLRQ
0DUJUDIHWDO
>@
 +RPRVDSLHQV ,OOXPLQD*$,,[ 6DQJHU 613VLQJHQH 
$OONQRZQ
YDULDQWVGHWHFWHG
3UHDPSOLILFDWLRQRI
WZRJHQHUHJLRQV
1LUDQMDQHWDO
>@
 +RPRVDSLHQV ,OOXPLQD*$,,[ 6DQJHU QD  PFF 
3UHDPSOLILFDWLRQRI
JHQH
=KXHWDO>@ 
'URVRSKLOD
PHODQRJDVWHU
,OOXPLQD*$,,[
'DWDEDVHVWUDLQV
ZLWKSUHYLRXVO\
NQRZQ
SRO\PRUSKLVPV
¶UDQGRP
613VJHQRPHZLGH
 FF 
3RROHGIOLHVSULRUWR
'1$H[WUDFWLRQ
*DXWLHUHWDO>@ 
7KDXPHWRSRHD
SLW\RFDPSD
,OOXPLQD+L6HT

,OOXPLQD+L6HT ¶613V  U 
5HVWULFWLRQVLWH
DVVRFLDWHG'1$
5$'VHTXHQFLQJ
=DYRGQDHWDO
>@

/HLRSHOPD
KRFKVWHWWHUL
5RFKH*6
)/;
6DQJHU
PLWRFKRQGULDO
JHQHV
 5 G
3UHDPSOLILFDWLRQRI
JHQHV
D5 GHWHUPLQDWLRQFRHIILFLHQWRIDOLQHDUUHJUHVVLRQU 3HDUVRQ
VFRUUHODWLRQFRHIILFLHQWPFF 0DWWKHZ
VFRUUHODWLRQFRHIILFLHQWFF FRQFRUGDQFHFRUUHODWLRQ
EIRUSRROHG3&5SURGXFWV
FFDOFXODWHGIURPWKHVXSSRUWLQJPDWHULDO
GFRPSDULQJHVWLPDWHVRIQXFOHRWLGHGLYHUVLW\DQGSDLUZLVHSRSXODWLRQGLIIHUHQWLDWLRQ
GRLMRXUQDOSRQHW
3RRO6HT9DOLGDWLRQLQ1DWXUDO3ODQW3RSXODWLRQV
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DOLJQPHQW RI WKH FRQWLJV RI LQWHUHVW ZLWK WKH ³VHTXHQFH WR
DQDO\VH´XVHG IRUS\URVHTXHQFLQJ 7DEOHZLWK WKHVRIWZDUH
*HQHLRXV%LRPDWWHUV/WGZZZJHQHLRXVFRP
613JHQRW\SLQJIURPLQGLYLGXDOVDPSOHVXVLQJ
S\URVHTXHQFLQJ
7KH QLQH 613V WHVWHG KHUH ZHUH VHOHFWHG XVLQJ WKH $
WKDOLDQD JHQRPH DV UHIHUHQFH IRU WKH PDSSLQJ GXULQJ D
SURFHVVRIILQGLQJKLJKO\GLIIHUHQWLDWHG613VLQJHQHV7DEOH
WKDWDUHSUHVXPDEO\XQGHUKDELWDWPHGLDWHGVHOHFWLRQ)LVFKHU
HWDO XQSXEOLVKHG UHVXOWV%DVHGRQ WKHPDSSHGFRQVHQVXV
VHTXHQFHV SURYLGHG LQ )LOH 6 ZH GHYHORSHG HLJKW
S\URVHTXHQFLQJDVVD\V7DEOHWRFRYHUWKHQLQH613VZLWK
3\UR0DUN$VVD\'HVLJQ4LDJHQLQFOXGLQJRQHDVVD\WKDW
FRYHUHG WZR FORVHO\ VLWXDWHG 613V LQ JHQH586 7R DYRLG
PLVSULPLQJDOOSRWHQWLDO3&5SULPHUVHTXHQFHVZHUH%/$67HG
DJDLQVWWKHSXEOLFO\DYDLODEOH$WKDOLDQDJHQRPHDVZHOODVWKH
$KDOOHUL GHQRYRGUDIW DVVHPEO\ FKHFNLQJ IRU SRWHQWLDO3&5
IUDJPHQWVVPDOOHUWKDQ¶ESXVLQJSULPHUVLWHVWKDWKDYHDW
PRVW WKUHH PLVPDWFKHV $GGLWLRQDOO\ 3&5 SURGXFWV ZHUH
FKHFNHGIRUVLQJOHEDQGVRQDQDJDURVHJHO
3ULRU WR S\URVHTXHQFLQJ ZH SHUIRUPHG D 3&5 IRU HDFK
DVVD\LQD/UHDFWLRQYROXPHFRQWDLQLQJ/'1$
P0RIHDFKG173/LIH7HFKQRORJLHV0RIHDFKSULPHU
0LFURV\QWK7DEOHP00J&O /LIH7HFKQRORJLHV8
RI$PSOL7DT*ROG'1$3RO\PHUDVH/LIH7HFKQRORJLHVDQG[
EXIIHU $Q LQLWLDO SRO\PHUDVH DFWLYDWLRQ VWHS RI PLQ DW &
ZDVIROORZHGE\F\FOHVRIVDW&VDWWKHSULPHU
VSHFLILFDQQHDOLQJWHPSHUDWXUH7DEOHDQGVDW&DQG
D ILQDO VWHS RI PLQ DW & 7KH ELRWLQ\ODWHG3&5SURGXFWV
ZHUH H[WUDFWHG ZLWK VWUHSWDYLGLQ VHSKDURVH EHDGV *(
+HDOWKFDUH DFFRUGLQJ WR WKH PDQXIDFWXUHU
V LQVWUXFWLRQV DQG
UHOHDVHG LQWRD364/RZ3ODWH %LRWDJHFRQWDLQLQJ/
DQQHDOLQJEXIIHUP07ULV$FHWDWHP00J$FHWDWHS+ 
DQG/RI0S\URVHTXHQFLQJSULPHU7DEOH7KH
SODWH ZDV LQFXEDWHG DW & IRU  PLQ FRROHG WR URRP
WHPSHUDWXUH DQG UXQ RQ D 3\UR0DUN ,' PDFKLQH %LRWDJH
XVLQJ 3\UR0DUN *ROG UHDJHQWV 4LDJHQ DV VSHFLILHG E\ WKH
PDQXIDFWXUHU 7KH GLVSHQVDWLRQ RUGHU RI WKH IRXU QXFOHRWLGHV
ZDV GHWHUPLQHG DXWRPDWLFDOO\ E\ WKH 3\UR0DUN ,' VRIWZDUH
%LRWDJH DQG JHQRW\SLQJ ZDV SHUIRUPHG XVLQJ GHIDXOW
VHWWLQJV ,Q WRWDO ZH SHUIRUPHG  VHTXHQFLQJ UHDFWLRQV 
DVVD\VîLQGLYLGXDOVUHVXOWLQJLQLQGLYLGXDOORFL
6WDWLVWLFDODQDO\VHV
7KH IROORZLQJ DQDO\VHV ZHUH SHUIRUPHG LQ ,%0 6366
6WDWLVWLFVIRUERWKPDSSLQJDSSURDFKHVLHXVLQJWKHDOOHOH
IUHTXHQFLHVGHULYHGIURPPDSSLQJWR$WKDOLDQDDQGWRRXU$
KDOOHULGUDIWJHQRPH7RDVVHVVWKHDFFXUDF\RI613IUHTXHQF\
HVWLPDWHV EDVHG RQ WKH 3RRO6HT DSSURDFK ZH SHUIRUPHG D
OLQHDU UHJUHVVLRQ EHWZHHQ PDMRU DOOHOH IUHTXHQFLHV 0$)
HVWLPDWHGRQ WKHEDVLVRI3RRO6HTGDWDDQGSRSXODWLRQDOOHOH
IUHTXHQFLHVGHWHUPLQHG IURP LQGLYLGXDOVDPSOHVJHQRW\SHGE\
S\URVHTXHQFLQJ7KHPDMRUDOOHOHZDVGHILQHGDVWKHDOOHOHWKDW
VKRZHG WKH KLJKHVW IUHTXHQF\ IURP WKH UHDGV RI DOO WKUHH
SRSXODWLRQV FRPELQHG7KHUHIRUH IRU VLQJOHSRSXODWLRQV0$)
FDQEHEHORZ7KHUHJUHVVLRQLQFOXGHGSRSXODWLRQVî
 613V FRPSDULVRQV 6LQFH ZH ZHUH WHVWLQJ WHFKQLFDO
DVSHFWV ZH FRQVLGHUHG DOO FRPSDULVRQV DV LQGHSHQGHQW
GHWHFWLRQ HYHQWV DOWKRXJK WKH\ DUH ELRORJLFDOO\ QRW
LQGHSHQGHQW $V ZH ZHUH PDLQO\ LQWHUHVWHG LQ WKH GHYLDWLRQ
IURPWKHLGHDOUDWLRRIWKHWZRHVWLPDWHVRIDOOHOHIUHTXHQF\
ZHGLGQRW WUDQVIRUPWKHGDWDZKHQGHWHUPLQLQJ WKH LQWHUFHSW
VORSH DQG 5YDOXH RI WKH UHJUHVVLRQ +RZHYHU IRU WKH
FDOFXODWLRQ RI D SYDOXH IRU WKH UHJUHVVLRQ ZH XVHG DUFVLQH
VTXDUH URRWWUDQVIRUPHG DOOHOH IUHTXHQFLHV 7R FKHFN LI 3RRO
6HT JHQHUDOO\ XQGHU RU RYHUHVWLPDWHV DOOHOH IUHTXHQFLHV ZH
SHUIRUPHGDSDLUHGWWHVWRQWKHFRPSDULVRQVXVLQJDUFVLQH
VTXDUH URRWWUDQVIRUPHG DOOHOH IUHTXHQFLHV %RWK WKH OLQHDU
UHJUHVVLRQ DQG WKH SDLUHG WWHVW ZHUH SHUIRUPHG IRU DOO 
FRPSDULVRQV DQG IRU WKH FRPSDULVRQVZLWKRXWPLVVLQJ YDOXHV
RQO\ DPSOLILFDWLRQ DQGRU VHTXHQFLQJ IDLOXUHV LQ WKH
S\URVHTXHQFLQJ SURFHVV 7KLV DOORZHG XV WR HVWLPDWH WKH
HIIHFW RIPLVVLQJ YDOXHV RQ WKH UHVXOWV )LQDOO\ZH WHVWHG WKH
HIIHFWRIVHTXHQFLQJFRYHUDJHRQWKHDFFXUDF\RIWKHHVWLPDWHV
RIDOOHOHIUHTXHQF\E\XVLQJDFRUUHODWLRQDQDO\VLV3HDUVRQ
VU
ZLWK WKHFRYHUDJHDV WKHH[SODLQLQJYDULDEOHDQG WKHDEVROXWH
GLIIHUHQFHEHWZHHQWKHWZRHVWLPDWHVRIDOOHOHIUHTXHQF\DVWKH
GHSHQGHQWYDULDEOH
$V WKH FRYHUDJH DQDO\VLV GHVFULEHG DERYH RQO\ LQFOXGHG
613VZLWKKLJKFRYHUDJHZHXVHGD UHVDPSOLQJDSSURDFK WR
WHVWWKHWKHRUHWLFDOHIIHFWRIORZFRYHUDJHRQWKHDFFXUDF\RI
WKH3RRO6HTDOOHOHIUHTXHQF\HVWLPDWHV)RUWKLVDQDO\VLVRQO\
UHDGV WKDWPDSSHG WR WKH$ WKDOLDQD UHIHUHQFHJHQRPHZHUH
XVHG:LWKDQLQKRXVHVFULSWLQ5>@ZHUDQGRPO\GUHZ
UHDGVIURPHDFKRIWKH613SRSXODWLRQFRPELQDWLRQVXVLQJ
D FRYHUDJH UDQJH RI  WR [ DQG  LWHUDWLRQV )RU HDFK
LWHUDWLRQ DQG FRYHUDJH ZH GHWHUPLQHG WKH DOOHOH IUHTXHQFLHV
DQG SHUIRUPHG D OLQHDU UHJUHVVLRQ EHWZHHQ WKHVH DOOHOH
IUHTXHQFLHV DQG WKRVH REWDLQHG IURP S\URVHTXHQFLQJ :H
UHSRUWDYHUDJHYDOXHVRI WKHPHDQDOOHOH IUHTXHQF\GLIIHUHQFH
DQG WKH 5 RI WKH OLQHDU UHJUHVVLRQV IRU HDFK VLPXODWHG
FRYHUDJH
5HVXOWV
(VWLPDWHVRIDOOHOHIUHTXHQFLHVIURP3RRO6HT
7KH VHTXHQFLQJ RI WKH WKUHH SRROHG SRSXODWLRQ VDPSOHV
UHVXOWHGLQRYHUPLOOLRQSDLUHGHQGUHDGVDIWHUDGDSWRUDQG
TXDOLW\ WULPPLQJ 7KLV FRUUHVSRQGV WR  *E RI VHTXHQFH
GDWD 7KH PHGLDQ 3KUHGVFRUH ZDV  DQG WKH RYHUDOO
FRYHUDJHZDV[IRUWKHKDSORLG$KDOOHULJHQRPHDYHUDJH
RI[SHUSRSXODWLRQ:HXQDPELJXRXVO\PDSSHGRI
WKH$KDOOHULUHDGVWRWKH$WKDOLDQDUHIHUHQFHJHQRPH8VLQJ
D PLQLPXP PLQRU DOOHOH FRXQW RI IRXU ZH LGHQWLILHG RYHU 
PLOOLRQ613VDPRQJWKHWKUHHSRSXODWLRQV7KHFRYHUDJHDWWKH
QLQH613VVHOHFWHGIRUWKHYDOLGDWLRQ7DEOHDQG)LOH6ZDV
RQDYHUDJH[SHUSRSXODWLRQZLWKDUDQJHRIWR[IRU
WKHPDSSLQJDJDLQVW$WKDOLDQD
7KH EHVW SDUWLDO GH QRYR DVVHPEO\ IRU $ KDOOHUL ZDV
REWDLQHGZLWKDNPHURI,QWRWDO0EZHUHDVVHPEOHG
LQ ¶ FRQWLJV WKDWZHUH ODUJHU WKDQ  ES 7KH ORQJHVW
FRQWLJKDG¶ESDQG1ZDV¶ES$OOVL[JHQHVDQG
QLQH613VRILQWHUHVWRULJLQDOO\GHWHFWHGE\PDSSLQJWRWKH$
WKDOLDQD JHQRPH FRXOG EH LGHQWLILHG LQ WKH FRQWLJV RI WKH GH
QRYR DVVHPEO\ 7DEOHDQG)LOH67KHFRYHUDJHDW WKHVH
3RRO6HT9DOLGDWLRQLQ1DWXUDO3ODQW3RSXODWLRQV
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
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3RRO6HT9DOLGDWLRQLQ1DWXUDO3ODQW3RSXODWLRQV
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
613VZDVRQDYHUDJH[ZLWKD UDQJHRI WR[7KH
VL]HRIWKHFRQWLJVLGHQWLILHGE\%/$67VHDUFKFRQWDLQLQJWKHVH
JHQHVDQG613VUDQJHGIURP¶WR¶ES
613JHQRW\SLQJIURPLQGLYLGXDOVDPSOHVXVLQJ
S\URVHTXHQFLQJ
7KH HLJKW S\URVHTXHQFLQJ DVVD\V 7DEOH  GHYHORSHG IRU
JHQRW\SLQJWKHQLQH613VLQVL[GLIIHUHQWJHQHVSHUIRUPHGZHOO
LQRIWKHDQDO\VHV3\URVHTXHQFLQJIDLOHGRQO\LQRXWRI
 FDVHV UHVXOWLQJ LQ PLVVLQJ YDOXHV IRU VHYHQ RXW RI 
FRPSDULVRQVDQGILYHRXWRIQLQH613V:LWK WKHH[FHSWLRQRI
WKUHH 613V (5' 613 586 613 DQG 586 613
PLVVLQJ YDOXHV ZHUH H[WUHPHO\ UDUH 7DEOH  5HSHDWLQJ WKH
S\URVHTXHQFLQJGLGQRWORZHUWKHSURSRUWLRQRIPLVVLQJYDOXHV
&RPSDULVRQEHWZHHQ3RRO6HTDQGLQGLYLGXDO
S\URVHTXHQFLQJ
7KH YDOLGDWLRQ RI WKH HVWLPDWHV RI DOOHOH IUHTXHQF\ IURP
SRROHG VDPSOHV PDSSHG DJDLQVW WKH $ WKDOLDQD UHIHUHQFH
JHQRPH E\ LQGLYLGXDO S\URVHTXHQFLQJZDV VXFFHVVIXO )LJXUH
D 7KH DYHUDJH GLIIHUHQFH EHWZHHQ SRSXODWLRQ DOOHOH
IUHTXHQFLHV GHULYHG IURP SRROHG RU LQGLYLGXDO VDPSOHV ZDV
   6( 2QO\ LQ WZR RXW RI  FRPSDULVRQV WKH
GLIIHUHQFHEHWZHHQWKHDOOHOHIUHTXHQFLHVZDVPRUHWKDQ
EXWQHYHUH[FHHGHG7KHUHJUHVVLRQQ \ [
KDGDQ5RIDQGWKHSYDOXHXVLQJWUDQVIRUPHG
IUHTXHQFLHV ZDV EHORZ  7KHUH ZDV QR WHQGHQF\ WKDW
HLWKHU WKH 3RRO6HT RU LQGLYLGXDOEDVHG DSSURDFK UHVXOWHG LQ
KLJKHURU ORZHUHVWLPDWHVRIDOOHOH IUHTXHQF\DV WKHSDLUHG W
WHVW UHYHDOHG QR GLIIHUHQFH DPRQJ WKHPHWKRGV Q   S  
 ([FOXGLQJ FRPSDULVRQV ZLWK PLVVLQJ YDOXHV IURP WKH
S\URVHTXHQFLQJ OHG WR D YHU\ VLPLODU UHVXOW XVLQJ OLQHDU
UHJUHVVLRQVQ \ [5 S
DQGWKHSDLUHGWWHVWQ S 7KHFRYHUDJHUDQJLQJ
IURP WR [ KDG QR VLJQLILFDQW HIIHFW RQ WKH DFFXUDF\ RI
WKH 3RRO6HT H[SUHVVHG DV GLIIHUHQFH EHWZHHQ WKH WZR
PHWKRGVQ U S 
7KH UHVXOWV XVLQJ WKH DOOHOH IUHTXHQF\ HVWLPDWHV EDVHG RQ
WKHGHQRYRDVVHPEOHGUHDGVZHUHKLJKO\FRQJUXHQWZLWKWKRVH
GHVFULEHG DERYH 2Q DYHUDJH DOOHOH IUHTXHQFLHV GLIIHUHG E\
   6( ZLWK D PD[LPXP RI  )LJXUH E 7KH
OLQHDUUHJUHVVLRQQ \ [EHWZHHQWKHWZR
DOOHOH IUHTXHQF\HVWLPDWHVKDGDQ5RIDQGZDVKLJKO\
VLJQLILFDQWS7KHSDLUHGWWHVWVKRZHGQRV\VWHPDWLF
GLIIHUHQFHEHWZHHQWKHPHWKRGVQ S 7KHVDPH
ZDV WKH FDVH IRU WKH DQDO\VHV H[FOXGLQJ 613V ZLWK PLVVLQJ
YDOXHVIURPWKHS\URVHTXHQFLQJOLQHDUUHJUHVVLRQQ \ 
[5 SSDLUHGWWHVWQ S 
 )LQDOO\ WKH FRYHUDJH [ KDG QR VLJQLILFDQW
LPSDFWU S RQWKHDFFXUDF\RIWKH3RRO6HT
(IIHFWRIORZFRYHUDJHRQWKHDFFXUDF\RIWKH3RRO6HT
2XU UHVDPSOLQJ DQDO\VLV VKRZHG WKDW WKH DFFXUDF\ RI WKH
3RRO6HT LQFUHDVHV ZLWK LQFUHDVLQJ FRYHUDJH )LJXUH  )RU
RXUGDWDVHWZLWKGLSORLGLQGLYLGXDOVSHUSRRODFRYHUDJHRI
DW OHDVW [ UHVXOWHG LQ DPHDQ IUHTXHQF\ GLIIHUHQFH RI 
ZLWKDFRYHUDJHRI[WKHPHDQGLIIHUHQFHZDV)LJXUH
D7RUHDFKDQ5RILQD OLQHDUUHJUHVVLRQDPLQLPXP
FRYHUDJH RI [ ZDV QHHGHG ZKHUHDV IRU 5    D
FRYHUDJHRI[ZDVVXIILFLHQW)LJXUHE
'LVFXVVLRQ
7KH XVH RI SRROHG VDPSOHV LQ QH[WJHQHUDWLRQ VHTXHQFLQJ
3RRO6HTKDVLQFUHDVHGLQWKHODVWIHZ\HDUVIRUH[DPSOHWR
HVWLPDWH 613 DOOHOH IUHTXHQFLHV RI ZKROH SRSXODWLRQV HJ
>@ EHFDXVH LW DOORZV ZRUNLQJ ZLWK ODUJH VDPSOH VL]HV
ZKLOHNHHSLQJFRVWVDQGZRUNHIIRUWDWDPLQLPXP >@2Q WKH
RWKHU KDQG LQGLYLGXDO KDSORW\SH LQIRUPDWLRQ LV ORVW DQG WKH
GHWHFWLRQRIUDUHDOOHOHVPD\EHFRPSURPLVHG>@3RRO6HTLV
HVSHFLDOO\ LQWHUHVWLQJ IRU SRSXODWLRQ JHQRPLF VWXGLHV RI ORFDO
DGDSWDWLRQ LQ QDWXUDO SRSXODWLRQV DV WKH\ W\SLFDOO\ UHTXLUH
VHYHUDO SRSXODWLRQV ZLWK PDQ\ LQGLYLGXDOV WR GUDZ UHOLDEOH
FRQFOXVLRQV >@ 5HJDUGOHVV RI WKH DGYDQWDJHV DQG
GLVDGYDQWDJHV RI WKH SRROHG DSSURDFK WKH DFFXUDF\ RI 613
DOOHOHIUHTXHQFLHVGHULYHGIURP3RRO6HTLVWKHPRVWLPSRUWDQW
FULWHULRQ WR GUDZ DFFXUDWH SRSXODWLRQ JHQHWLF LQIHUHQFH %\
S\URVHTXHQFLQJ VSHFLILF 613 ORFL LQ LQGLYLGXDO VDPSOHV RXU
VWXG\ LV WKH ILUVW WR VKRZ WKDW 3RRO6HT LV D KLJKO\ DFFXUDWH
PHWKRGIRUHVWLPDWLQJDOOHOHIUHTXHQFLHVLQQDWXUDOSRSXODWLRQV
2XU UHVXOWV RQ $ KDOOHUL VKRZ D JRRG PDWFK RI WKH
LQGLYLGXDOO\ GHWHUPLQHG DOOHOH IUHTXHQFLHV DQG WKH RQHV
HVWLPDWHG E\ 3RRO6HT LUUHVSHFWLYH RI ZKHWKHU SDLUHGHQG
UHDGVZHUHPDSSHG WRDFORVHO\ UHODWHGJHQRPH $ WKDOLDQD
RURXURZQGHQRYRGUDIWDVVHPEO\RI$KDOOHUL)LJXUH7KH
VORSHVRIWKHOLQHDUUHJUHVVLRQVDQGUHVSHFWLYHO\
ZHUHFORVHWRWKHLGHDOUDWLRDQG5YDOXHVZHUHKLJK
IRU ERWK UHJUHVVLRQV 2XU ILQGLQJV DUH LQ FRQFRUGDQFH ZLWK
SUHYLRXV VWXGLHV WKDW KDYH YHULILHG3RRO6HT UHVXOWV 7DEOH
DQG PRVWO\ IRXQG 5 RU UYDOXHV DERYH  +RZHYHU WKH
VWXGLHV OLVWHG GLIIHUHG LQ DW OHDVW RQH IXQGDPHQWDO DVSHFW RQ
KRZ 613 DOOHOH IUHTXHQFLHV ZHUH GHWHUPLQHG 7KH HVWLPDWHG
DOOHOH IUHTXHQFLHV IURP 3RRO6HT GDWD ZHUH QRW DIIHFWHG E\
VHTXHQFLQJ FRYHUDJH DERYH D FRYHUDJH RI [ 7KLV KLJK
UDQJH RI FRYHUDJH LV D UHVXOW RI WKH KLJK FRYHUDJH WKUHVKROG
XVHG LQ WKLV VWXG\ ZKLFK LQ RXU RSLQLRQ VKRXOG EH DW OHDVW
HTXDOWRWKHHIIHFWLYHSRROVL]HQXPEHURILQGLYLGXDOVPXOWLSOLHG
E\WKHSORLG\OHYHOLQRUGHUWRFRYHUUDUHYDULDQWV+RZHYHUWKH
UHVDPSOLQJ DQDO\VLV WR HYDOXDWH WKH HIIHFW RI ORZ FRYHUDJH
VKRZVWKDWLQRXUFDVHWKH3RRO6HTLVDOUHDG\TXLWHDFFXUDWH
DW PXFK ORZHU FRYHUDJH [ DW OHDVW LQ WHUPV RI
UHJUHVVLRQSDUDPHWHUVDQGDOOHOHIUHTXHQF\GLIIHUHQFHV)LJXUH

0LVVLQJYDOXHV LQ WKHS\URVHTXHQFLQJZHUHSUHVHQWEXWGLG
QRW DIIHFW WKH UHVXOWV DV WKH UHJUHVVLRQ SDUDPHWHUV ZHUH
VLPLODUZLWKRUZLWKRXW WKHP7KLVVXJJHVWV WKDWQRVXEVWDQWLDO
GLIIHUHQFHV EHWZHHQ WKH WZR PHDVXUHV RI DOOHOH IUHTXHQFLHV
H[LVW +HQFH WKH IDFW WKDW PLVVLQJ YDOXHV LH DPSOLILFDWLRQ
DQGRUS\URVHTXHQFLQJIDLOXUHVH[LVW LVXQOLNHO\ WRUHVXOW IURP
WKH GLIIHUHQW SODWIRUPV XVHG ,W UDWKHU SRLQWV WR JHQHUDO
SUREOHPVZLWKWKHWHPSODWH'1$RUPDSSLQJSURFHGXUH$VZH
FKHFNHG WKH TXDOLW\ RI HDFK '1$ VDPSOH EHIRUH SRROLQJ WKH
IRUPHULVUDWKHUXQOLNHO\7KHUHIRUHRQHSRVVLELOLW\LVWKDWVRPH
LQGLYLGXDOV ZHUH VR SRO\PRUSKLF LQ WKH VSHFLILF UHJLRQ WKDW L
WKHLU UHDGV GLG QRW PDS WR WKH ULJKW SRVLWLRQ LQ WKH PDSSLQJ
SURFHVV WKHUHE\ LQIOXHQFLQJ WKH GHYHORSPHQW RI WKH
3RRO6HT9DOLGDWLRQLQ1DWXUDO3ODQW3RSXODWLRQV
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
)LJXUH   9DOLGDWLRQ RI 613 DOOHOH IUHTXHQFLHV GHWHUPLQHG E\ QH[WJHQHUDWLRQ VHTXHQFLQJ RI SRROHG VDPSOHV RI
$UDELGRSVLVKDOOHUL &RPSDULVRQEHWZHHQPDMRUDOOHOH IUHTXHQFLHVFDOFXODWHG IURP LQGLYLGXDOJHQRW\SLQJXVLQJS\URVHTXHQFLQJ
3\UR0DUNDQGEDVHGRQSRROHGSRSXODWLRQVDPSOHV3RRO6HTGHWHUPLQHGZLWK,OOXPLQD,Q)LJXUHDDOOHOHIUHTXHQFLHVIURPWKH
3RRO6HTZHUHFDOFXODWHGIURPUHDGVPDSSHGWRWKHSXEOLFO\DYDLODEOH$UDELGRSVLVWKDOLDQDJHQRPH,Q)LJXUHEWKHUHDGVZHUH
PDSSHG WRRXURZQGHQRYR GUDIW JHQRPHRI$KDOOHUL6KRZQDUH WKH UHVXOWVRI613V IURPVL[JHQHV IRUDOO WKUHHSRSXODWLRQV
VWXGLHG7KHGDVKHG OLQH UHSUHVHQWV WKHH[SHFWHGSURSRUWLRQ2SHQFLUFOHV UHSUHVHQW FRPSDULVRQV LQFOXGLQJ LQFRPSOHWHGDWH
IURPWKHS\URVHTXHQFLQJILOOHGFLUFOHVUHIHUWRFRPSDULVRQVZLWKFRPSOHWHGDWD1RWHWKDWVRPHGDWDSRLQWVDUHRYHUODSSLQJ
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LQGLYLGXDO VDPSOHV LQ D SRRO ZLOO GHFUHDVH WKH FRQWULEXWLRQ RI
SLSHWWLQJ DQG'1$FRQWHQWPHDVXUHPHQWV WR WKH RYHUDOO HUURU
UDWH>@2QWKHRWKHUKDQGLIWKHGHWHFWLRQUDWHRIDOOHOHVLVDQ
LPSRUWDQW IDFWRU HJ LI VLQJOHWRQV QHHG WR EH LGHQWLILHG WKH
SRROVL]HVKRXOGEHFDUHIXOO\FKRVHQ LQUHODWLRQ WRVHTXHQFLQJ
HUURUUDWHRIWKHDSSOLHGWHFKQRORJ\>@,QRXUFDVHWKHHUURU
UDWH RI WKH ,OOXPLQD GDWD VKRXOG EH EHORZ  FRQVHUYDWLYH
HVWLPDWH EDVHG RQ 3KUHG VFRUH WKHUHIRUH WKH IUHTXHQF\ RI
VHTXHQFLQJ HUURUV LVZHOO EHORZ WKH IUHTXHQF\ RI D VLQJOHWRQ
ZKLFKLVLQDSRRORIGLSORLGLQGLYLGXDOV7KXVZHFDQ
EH IDLUO\ SRVLWLYH WKDW UDUH DOOHOHV FDQ EH GHWHFWHG 2XU GDWD
FRQILUPWKLVIRUH[DPSOHZKHQORRNLQJDWWKHUHVXOWVXVLQJWKH
PDSSLQJDJDLQVW$WKDOLDQDLQWKHWKUHHRXWRIFRPSDULVRQV
ZKHUH WKHPLQRU DOOHOH SHU SRSXODWLRQ UHSUHVHQWV D VLQJOHWRQ
WKH DOOHOH IUHTXHQF\ GHWHUPLQHG E\ 3RRO6HT GLIIHUHG PD[
IURPWKHDOOHOHIUHTXHQF\GHWHUPLQHGE\S\URVHTXHQFLQJ
0RUHRYHU LQ ILYH RXW RI VL[ FRPSDULVRQV LQ ZKLFK ORFL ZHUH
LQIHUUHG WR EH PRQRPRUSKLF ZLWKLQ D SRSXODWLRQ EDVHG RQ
S\URVHTXHQFLQJ WKLV ZDV FRQILUPHG E\ 3RRO6HT 7KHVH
UHVXOWVVWURQJO\VXSSRUW WKHDFFXUDF\RI WKHSRROLQJDSSURDFK
DVORQJDVSLSHWWLQJDQG'1$TXDQWLILFDWLRQHUURUVFDQEHKHOG
DWDPLQLPXPDQGWKHFRYHUDJH LVVXIILFLHQW LQFRPSDULVRQWR
WKH SRRO VL]H DQG WR WKH WKUHVKROG RI UHDG QXPEHU QHHGHG WR
DFFHSWDQDOOHOHGXULQJ613FDOOLQJ
$V D FRQVHTXHQFH RI LWV TXDQWLWDWLYH QDWXUH WKH
S\URVHTXHQFLQJPHWKRGXVHGIRUWKHYDOLGDWLRQRIWKH3RRO6HT
FDQ DOVR LWVHOI EH DSSOLHG WR DFFXUDWHO\ GHWHUPLQH DOOHOH
IUHTXHQFLHV LQ SRROHG VDPSOHV >@ 7KHUHIRUH WKH
WHFKQRORJ\ UHSUHVHQWV DQ LQWHUHVWLQJ RSWLRQ IRU VWXGLHV WKDW
QHHGWRUHOLDEO\YDOLGDWHD3RRO6HTSURWRFROE\VFUHHQLQJ WKH
DOOHOH IUHTXHQFLHV RI D OLPLWHG QXPEHU RI 613V LQ SRROHG
VDPSOHV EHFDXVH WKH VSHFLILF UHJLRQV DUH DPSOLILHG SULRU WR
S\URVHTXHQFLQJ E\ XVLQJ VSHFLILF SULPHUV 0RUHRYHU LW FRXOG
EH XVHG IRU H[WHQGHG VWXGLHV DIWHU KDYLQJ LGHQWLILHG 613V RU
JHQHV RI LQWHUHVW IRU H[DPSOH E\ JHQRW\SLQJ DGGLWLRQDO
SRSXODWLRQV DW VSHFLILF ORFL WR YDOLGDWH UHVXOWV ZLWK DQ
LQGHSHQGHQWGDWDVHW+RZHYHUIRUVFUHHQLQJDODUJHQXPEHURI
LQGLYLGXDO VDPSOHV DQG 613V S\URVHTXHQFLQJ UHPDLQV D
UDWKHUH[SHQVLYHPHWKRGHYHQZLWKSRROHGVDPSOHV
,Q FRQFOXVLRQ RXU YDOLGDWLRQ VWXG\ VKRZV WKDW DOOHOH
IUHTXHQF\ HVWLPDWHV GHULYHG IURP 3RRO6HT FDQ EH KLJKO\
UHOLDEOH DQG DFFXUDWH 7KH VDPSOLQJ GHVLJQ ZH XVHG LQ WKLV
VWXG\ LV D W\SLFDO H[DPSOH IRU VWXGLHV LQYHVWLJDWLQJSRSXODWLRQ
JHQRPLFV RU ORFDO DGDSWDWLRQ RI QDWXUDO SRSXODWLRQV >@ :H
WKXVKRSHWKDWRXUZRUNZLOOVWLPXODWHIXUWKHUVWXGLHVRIQDWXUDO
SRSXODWLRQVWKDWXVHDIXOOJHQRPHUHVHTXHQFLQJDSSURDFKWR
LGHQWLI\ JHQHWLF YDULDWLRQDQGHYLGHQFH IRU VHOHFWLRQ LQ DZLGH
GLYHUVLW\RIQRQPRGHORUJDQLVPV
6XSSRUWLQJ,QIRUPDWLRQ
)LOH 6  0DSSHG FRQVHQVXV VHTXHQFHV RI $ KDOOHUL
PDSSLQJDSSURDFKXVLQJWKH$WKDOLDQDJHQRPH7KLV]LS
ILOH FRQWDLQV WKH PDSSHG FRQVHQVXV VHTXHQFHV RI WKH VL[
JHQHVFRQWDLQLQJWKHQLQHYDOLGDWHG613VZKRVHSRVLWLRQVDUH
JLYHQ LQ7DEOH7KHVHFRQVHQVXVVHTXHQFHVZHUHFRPSLOHG
IURPWKHSRSXODWLRQVSHFLILFVHTXHQFHVRQO\PDMRUDOOHOHVIURP
HDFKSRSXODWLRQDQGZHUHXVHGIRUGHVLJQLQJWKH613DUUD\V
=,3
)LOH 6  &RQWLJV RI WKH $ KDOOHUL GH QRYR DVVHPEO\
FRQWDLQLQJ WKH YDOLGDWHG 613V 7KLV ]LS ILOH FRQWDLQV WKH
FRQWLJVFRYHULQJWKHQLQHYDOLGDWHG613VZKRVHSRVLWLRQVDUH
JLYHQLQ7DEOH7KHFRQWLJVZHUHDVVHPEOHGXVLQJWKH%UXVLR
SRSXODWLRQ
=,3
$FNQRZOHGJHPHQWV
:HWKDQN$OH[%|VFKDQG-RODQGD=LPPHUPDQQIRUVDPSOLQJ
&ODXGLD 0LFKHO IRU ODE ZRUN DQG .HQWDUR 6KLPL]X $OH[
:LGPHU5ROI+ROGHUHJJHU DQG WZR DQRQ\PRXV UHYLHZHUV IRU
GLVFXVVLRQDQGYDOXDEOHFRPPHQWVRQWKHPDQXVFULSW
$XWKRU&RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV &5 $7 )* 0&)
3HUIRUPHG WKH H[SHULPHQWV&56=0&)$QDO\]HG WKH GDWD
&5 6= $7 )* 0&) &RQWULEXWHG UHDJHQWVPDWHULDOVDQDO\VLV
WRROV&56=$7)*0&):URWHWKHPDQXVFULSW&50&)
5HIHUHQFHV
 0HW]NHU 0/  $SSOLFDWLRQV RI QH[WJHQHUDWLRQ VHTXHQFLQJ
WHFKQRORJLHV  WKH QH[W JHQHUDWLRQ 1DW 5HY *HQHW   GRL
QUJ3XE0HG
 (OOHJUHQ+6PHGV/%XUUL52ODVRQ3,%DFNVWU|P1HWDO7KH
JHQRPLF ODQGVFDSH RI VSHFLHV GLYHUJHQFH LQ )LFHGXOD IO\FDWFKHUV
1DWXUH3XE0HG
 6WDSOH\ -5HJHU - )HXOQHU3*'6PDGMD&*DOLQGR - HW DO 
$GDSWDWLRQ JHQRPLFV WKH QH[W JHQHUDWLRQ 7UHQGV (FRO (YRO 
GRLMWUHH3XE0HG
 )DELDQ '. .DSXQ 0 1ROWH 9 .RIOHU 5 6FKPLGW 36 HW DO 
*HQRPHZLGH SDWWHUQV RI ODWLWXGLQDO GLIIHUHQWLDWLRQ DPRQJ SRSXODWLRQV
RI 'URVRSKLOD PHODQRJDVWHU IURP 1RUWK $PHULFD 0RO (FRO 
 GRLM;[ 3XE0HG

 7XUQHU7/%RXUQH(&9RQ:HWWEHUJ(-+X771X]KGLQ69 
3RSXODWLRQUHVHTXHQFLQJUHYHDOVORFDODGDSWDWLRQRI$UDELGRSVLV O\UDWD
WR VHUSHQWLQH VRLOV 1DW *HQHW  8 GRLQJ
3XE0HG
 )XWVFKLN $ 6FKO|WWHUHU &  7KH QH[W JHQHUDWLRQ RI PROHFXODU
PDUNHUV IURPPDVVLYHO\ SDUDOOHO VHTXHQFLQJ RI SRROHG'1$ VDPSOHV
*HQHWLFV   GRLJHQHWLFV 3XE0HG

 .RIOHU 5 %HWDQFRXUW $- 6FKO|WWHUHU &  6HTXHQFLQJ RI SRROHG
'1$VDPSOHV3RRO6HTXQFRYHUVFRPSOH[G\QDPLFVRIWUDQVSRVDEOH
HOHPHQW LQVHUWLRQV LQ 'URVRSKLOD PHODQRJDVWHU 3/26 *HQHW 
H3XE0HG
 $[HOVVRQ(5DWQDNXPDU$$UHQGW0/0DTERRO.:HEVWHU07HWDO
7KHJHQRPLFVLJQDWXUHRIGRJGRPHVWLFDWLRQUHYHDOVDGDSWDWLRQ
3RRO6HT9DOLGDWLRQLQ1DWXUDO3ODQW3RSXODWLRQV
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
WR D VWDUFKULFK GLHW 1DWXUH   GRLQDWXUH
3XE0HG
 .RIOHU 5 3DQGH\ 59 6FKO|WWHUHU &  3R3RRODWLRQ LGHQWLI\LQJ
GLIIHUHQWLDWLRQ EHWZHHQ SRSXODWLRQV XVLQJ VHTXHQFLQJ RI SRROHG '1$
VDPSOHV 3RRO6HT %LRLQIRUPDWLFV   GRL
ELRLQIRUPDWLFVEWU3XE0HG
 *RPSHUW=%XHUNOH&$$KLHUDUFKLFDO%D\HVLDQPRGHOIRUQH[W
JHQHUDWLRQSRSXODWLRQJHQRPLFV*HQHWLFVGRL
JHQHWLFV3XE0HG
 %RLWDUG 6 6FKO|WWHUHU & 1ROWH 9 3DQGH\ 59 )XWVFKLN $ 
'HWHFWLQJ VHOHFWLYH VZHHSV IURP SRROHG QH[WJHQHUDWLRQ VHTXHQFLQJ
VDPSOHV 0RO %LRO (YRO   GRLPROEHYPVV
3XE0HG
 .HVVQHU ' 7XUQHU 7/ 1RYHPEUH -  0D[LPXP OLNHOLKRRG
HVWLPDWLRQRI IUHTXHQFLHVRI NQRZQKDSORW\SHV IURPSRROHGVHTXHQFH
GDWD 0RO %LRO (YRO   GRLPROEHYPVW
3XE0HG
 )HGHU$)3HWURY'$%HUJODQG$2 /G[(VWLPDWLRQRI OLQNDJH
GLVHTXLOLEULXP IURP KLJKWKURXJKSXW SRROHG UHVHTXHQFLQJ GDWD 3/26
21(  H GRLMRXUQDOSRQH 3XE0HG

 &XWOHU '- -HQVHQ -'  7R SRRO RU QRW WR SRRO" *HQHWLFV 
GRLJHQHWLFV3XE0HG
 %DQVDO97HZKH\5/H3URXVW(06FKRUN1-(IILFLHQWDQGFRVW
HIIHFWLYH SRSXODWLRQ UHVHTXHQFLQJ E\ SRROLQJ DQG LQVROXWLRQ
K\EULGL]DWLRQ 3/26 21(  H GRLMRXUQDOSRQH
3XE0HG
 'UXOH\ 7( 9DOODQLD )/0:HJQHU '- 9DUOH\ .( .QRZOHV2/ HW DO
4XDQWLILFDWLRQRIUDUHDOOHOLFYDULDQWVIURPSRROHGJHQRPLF'1$
1DW0HWKRGVGRLQPHWK3XE0HG
 ,QJPDQ 0 *\OOHQVWHQ 8  613 IUHTXHQF\ HVWLPDWLRQ XVLQJ
PDVVLYHO\ SDUDOOHO VHTXHQFLQJ RI SRROHG '1$ (XU - +XP*HQHW 
GRLHMKJ3XE0HG
 =KX<%HUJODQG$2*RQ]iOH]-3HWURY'$(PSLULFDOYDOLGDWLRQ
RI SRROHG ZKROH JHQRPH SRSXODWLRQ UHVHTXHQFLQJ LQ 'URVRSKLOD
PHODQRJDVWHU 3/26 21(  H GRLMRXUQDOSRQH
3XE0HG
 9DQ7DVVHOO&36PLWK73/0DWXNXPDOOL/.7D\ORU-)6FKQDEHO5'
HW DO  613 GLVFRYHU\ DQG DOOHOH IUHTXHQF\ HVWLPDWLRQ E\ GHHS
VHTXHQFLQJ RI UHGXFHG UHSUHVHQWDWLRQ OLEUDULHV 1DW 0HWKRGV 
GRLQPHWK3XE0HG
 0DUJUDI 5/'XUWVFKL -''DPHV6 3DWWLVRQ'& 6WHSKHQV -( HW DO
9DULDQW LGHQWLILFDWLRQ LQPXOWLVDPSOHSRROVE\ ,OOXPLQDJHQRPH
DQDO\]HUVHTXHQFLQJ-%LRPRO7HFK3XE0HG
 1LUDQMDQ 76 $GDPF]\N $ %UDYR +& 7DXE 0$ :KHHODQ 6- HW DO
(IIHFWLYHGHWHFWLRQRIUDUHYDULDQWVLQSRROHG'1$VDPSOHVXVLQJ
&URVVSRRO WDLOFXUYH DQDO\VLV *HQRPH %LRO  5 GRL
JEU3XE0HG
 2XW$$YDQ0LQGHUKRXW,-+0*RHPDQ--$UL\XUHN<2VVRZVNL6HW
DO  'HHS VHTXHQFLQJ WR UHYHDO QHZ YDULDQWV LQ SRROHG '1$
VDPSOHV +XP 0XWDW   GRLKXPX
3XE0HG
 *DXWLHU 0 )RXFDXG - *KDUEL . &p]DUG 7 *DODQ 0 HW DO 
(VWLPDWLRQ RI SRSXODWLRQ DOOHOH IUHTXHQFLHV IURP QH[WJHQHUDWLRQ
VHTXHQFLQJ GDWD SRROYHUVXV LQGLYLGXDOEDVHG JHQRW\SLQJ 0RO (FRO
GRLPHF3XE0HG
 =DYRGQD 0 *UXHEHU &( *HPPHOO 1-  3DUDOOHO WDJJHG QH[W
JHQHUDWLRQ VHTXHQFLQJ RQ SRROHG VDPSOHV  D QHZ DSSURDFK IRU
SRSXODWLRQ JHQHWLFV LQ HFRORJ\ DQG FRQVHUYDWLRQ 3/26 21( 
HH GRLMRXUQDOSRQH 3XE0HG

 5RQDJKL08KOpQ01\UpQ3$VHTXHQFLQJPHWKRGEDVHGRQ
UHDOWLPH S\URSKRVSKDWH 6FLHQFH   GRLVFLHQFH
3XE0HG
 $KPDGLDQ $ (KQ 0 +REHU 6  3\URVHTXHQFLQJ +LVWRU\
ELRFKHPLVWU\DQGIXWXUH&OLQ&KLP$FWDGRLMFFFQ
3XE0HG
 $KPDGLDQ$*KDUL]DGHK%*XVWDIVVRQ$&6WHUN\)1\UpQ3HWDO
 6LQJOHQXFOHRWLGH SRO\PRUSKLVP DQDO\VLV E\ S\URVHTXHQFLQJ
$QDO %LRFKHP   GRLDELR 3XE0HG

 *UXEHU -' &ROOLJDQ 3% :ROIRUG -.  (VWLPDWLRQ RI VLQJOH
QXFOHRWLGH SRO\PRUSKLVP DOOHOH IUHTXHQF\ LQ '1$ SRROV E\ XVLQJ
S\URVHTXHQFLQJ +XP *HQHW   GRL
V3XE0HG
 5HOOVWDE & /RXKL .5 .DUYRQHQ $ -RNHOD -  $QDO\VLV RI
WUHPDWRGHSDUDVLWHFRPPXQLWLHV LQ ILVKH\H OHQVHVE\S\URVHTXHQFLQJ
RIQDWXUDOO\SRROHG'1$,QIHFW*HQHW(YROGRL
MPHHJLG3XE0HG
 $O6KHKED] ,$ 2
.DQH 6/  7D[RQRP\ DQG SK\ORJHQ\ RI
$UDELGRSVLV %UDVVLFDFHDH ,Q &5 6RPHUYLOOH(0 0H\HURZLW]
$UDELGRSVLV %RRN 5RFNYLOOH 0DU\ODQG $PHULFDQ 6RFLHW\ RI 3ODQW
%LRORJLVWSS
 &ODXVV 0- .RFK 0$  3RRUO\ NQRZQ UHODWLYHV RI $UDELGRSVLV
WKDOLDQD 7UHQGV 3ODQW 6FL   GRLMWSODQWV
3XE0HG
 6KLPL]X...XGRK+.RED\DVKL0-3ODQWVH[XDOUHSURGXFWLRQ
GXULQJ FOLPDWH FKDQJH JHQH IXQFWLRQ LQ QDWXUD VWXGLHG E\ HFRORJLFDO
DQG HYROXWLRQDU\ V\VWHPV ELRORJ\ $QQ %RW   GRL
DREPFU3XE0HG
 0H\HU&/.RVWHFND$$6DXPLWRX/DSUDGH3&UpDFK$&DVWULF9HW
DO9DULDELOLW\RI]LQFWROHUDQFHDPRQJDQGZLWKLQSRSXODWLRQVRI
WKHSVHXGRPHWDOORSK\WHVSHFLHV$UDELGRSVLVKDOOHULDQGSRVVLEOHUROHRI
GLUHFWLRQDO VHOHFWLRQ 1HZ 3K\WRO   GRLM
[3XE0HG
 3DXZHOV0)UpURW+%RQQLQ ,6DXPLWRX/DSUDGH3 $EURDG
VFDOH DQDO\VLV RI SRSXODWLRQ GLIIHUHQWLDWLRQ IRU =Q WROHUDQFH LQ DQ
HPHUJLQJ PRGHO VSHFLHV IRU WROHUDQFH VWXG\ $UDELGRSVLV KDOOHUL
%UDVVLFDFHDH - (YRO %LRO   GRLM
[3XE0HG
 0DUWLQ 0  &XWDGDSW UHPRYHV DGDSWHU VHTXHQFHV IURP KLJK
WKURXJKSXWVHTXHQFLQJUHDGV(P%QHW-
 .DXO6.RR+/-HQNLQV-5L]]R05RRQH\7HWDO$QDO\VLVRI
WKH JHQRPH VHTXHQFH RI WKH IORZHULQJ SODQW $UDELGRSVLV WKDOLDQD
1DWXUHGRL3XE0HG
 /DPHVFK3%HUDUGLQL7=/L'6ZDUEUHFN':LONV&HWDO7KH
$UDELGRSVLV LQIRUPDWLRQ UHVRXUFH 7$,5 LPSURYHG JHQH DQQRWDWLRQ
DQGQHZ WRROV1XFOHLF$FLGV5HV''GRLQDU
JNU3XE0HG
 /L + 'XUELQ 5  )DVW DQG DFFXUDWH VKRUW UHDG DOLJQPHQW ZLWK
%XUURZV:KHHOHU WUDQVIRUP %LRLQIRUPDWLFV   GRL
ELRLQIRUPDWLFVEWS3XE0HG
 /L + +DQGVDNHU %:\VRNHU $ )HQQHOO 7 5XDQ - HW DO  7KH
6HTXHQFH $OLJQPHQW0DS IRUPDW DQG 6$0WRROV %LRLQIRUPDWLFV 
GRLELRLQIRUPDWLFVEWS3XE0HG
 =HUELQR'5%LUQH\(9HOYHW$OJRULWKPVIRUGHQRYRVKRUWUHDG
DVVHPEO\ XVLQJ GH %UXLMQ JUDSKV *HQRPH 5HV   GRL
JU3XE0HG
 5'HYHORSPHQW&RUH7HDP5$ODQJXDJHDQGHQYLURQPHQWIRU
VWDWLVWLFDO FRPSXWLQJ 9LHQQD $XVWULD 5 )RXQGDWLRQ IRU 6WDWLVWLFDO
&RPSXWLQJ
 )ROO0*DJJLRWWL2$JHQRPHVFDQPHWKRGWRLGHQWLI\VHOHFWHG
ORFLDSSURSULDWHIRUERWKGRPLQDQWDQGFRGRPLQDQWPDUNHUVD%D\HVLDQ
SHUVSHFWLYH*HQHWLFVGRLJHQHWLFV
3XE0HG
 -RKQVWRQ -6 3HSSHU$(+DOO $(&KHQ=-+RGQHWW* HW DO 
(YROXWLRQRIJHQRPHVL]H LQ%UDVVLFDFHDH$QQ%RWGRL
DREPFL3XE0HG
 )LVFKHU 0& 5HOOVWDE & 7HGGHU $ =ROOHU 6 *XJHUOL ) HW DO 
3RSXODWLRQ JHQRPLF IRRWSULQWV RI VHOHFWLRQ DQG DVVRFLDWLRQV ZLWK
FOLPDWHLQQDWXUDOSRSXODWLRQVRI$UDELGRSVLVKDOOHUL IURPWKH$OSV0RO
(FROGRLPHF3XE0HG
 +ROW.(7HR<</L+1DLU6'RXJDQ*HWDO'HWHFWLQJ613V
DQG HVWLPDWLQJ DOOHOH IUHTXHQFLHV LQ FORQDO EDFWHULDO SRSXODWLRQV E\
VHTXHQFLQJ SRROHG '1$ %LRLQIRUPDWLFV   GRL
ELRLQIRUPDWLFVEWS3XE0HG
3RRO6HT9DOLGDWLRQLQ1DWXUDO3ODQW3RSXODWLRQV
3/2621(_ZZZSORVRQHRUJ  1RYHPEHU_9ROXPH_,VVXH_H
